wo 2004/085675 



PCT/AU2004/000383 



Method for identifying nucleic acid molecules associated with angiogenesis 

Technical Field 

The present invention relates to novel nucleic acid 
5 sequences (^^ angiogenic genes'') Involved in the process of 
angiogenesis. Each of the angiogenic genes encode a 
polypeptide that has a role in angiogenesis. In view of 
the realisation that these genes play a role in 
angiogenesis, the invention is also concerned with the 

10 therapy of pathologies associated with angiogenesis, the 
screening of drugs for pro- or anti- angiogenic activity, 
the diagnosis and prognosis of pathologies associated with 
angiogenesis, and in some cases the use of the nucleic 
acid sequences to identify and obtain full-length 

15 angiogenesis -related genes. 

Background Art 

The formation of new blood vessels from pre-existing 
vessels, a process termed angiogenesis, is essential for 

20 normal growth. Important angiogenic processes include 
those taking place in embryogenesis, renewal of the 
endometriiam, formation and growth of the corpus luteum of 
pregnancy, wound healing and in the restoration of tissue 
structure cuid function after injury* 

25 The formation of new capillaries requires a co- 

ordinated series of events mediated through the expression 
of multiple genes which may have either pro- or anti- 
angiogenic activities. The process begins with an 
angiogenic stimulus to existing vasculature, usually 

3 0 mediated by growth factors such as vascular endothelial 
growth factor or basic fibroblast growth factor. This is 
followed by degradation of the extracellular matrix, cell 
adhesion changes (and disruption) , an increase in cell 
permeability, proliferation of endothelial cells (ECs) and 

35 migration of ECs towards the site of blood vessel 
formation. Subsequent processes include capillary tube or 
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liamen formation, stabilisation euad differentiation by the 
migrating ECs, 

In the (noxmal) healthy adult, anglogenesls is 
virtually arrested and occurs only when needed. However, a 
5 number of pathological situations are characterised by 
enhanced, uncontrolled anglogenesls. These conditions 
Include cancer, rheximatoid arthritis, diabetic 

retinopathy, psoriasis and cardiovascular diseases such as 
atherosclerosis. In other pathologies such as Ischaemic 

10 limb disease or in coronary artery disease, growing new 
vessels through the promotion of an expanding vasculature 
would be of benefit. 

A number of in vitro assays have been established 
which are thought to mimic anglogenesls and these have 

15 provided Important tools to examine the mechanisms by 
which the angiogenic process takes place and the genes 
most likely to be involved. 

Lumen formation is a key step in anglogenesls. The 
presence of vacuoles within ECs undergoing anglogenesls 

20 have been reported and their involvement in lumen 
formation has been postulated (Folkman and Haudenschlld, 
1980; Gamble et al . , 1993). The general mechanism of lumen 
formation suggested by Folkman and Haudenschlld (198 0) , 
has been that vacuoles form within the cytoplasm of a 

25 number of aligned ECs which are later converted to a tube. 
. The \inlon of adjacent tubes results, in the formation of a 
continuous unicellular capillary liimen. However, little is 
known about the changes in cell morphology leading to 
Iximen formation or the signals required for ECs to 

30 construct this feature. 

An in vitro model of anglogenesls has been created 
from human umbilical vein ECs plated onto a 3 dimensional 
collagen matrix (Gamble et al., 1993). In the presence of 
phorbol myristate acetate (PMA) these cells form capillary 

35 tiibes within 24 hours. With the addition of anti-integrln 
antibodies, the usually unicellular tubes (thought to 
reflect an immature, poorly differentiated phenotype) are 
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converted to form a multicellular lumen through the 
inhibition of cell -matrix interactions and promotion of 
cell-cell interactions. This model has siibsequently 
allowed the investigation of the morphological events 
5 which occur in Ixamen formation. 

For the treatment of diseases associated with 
angiogenesis, understanding the molecular genetic 
mechanisms of the process is of paramount importance. The 
use of the in vitro model described above (Gamble et al . , 
10 1993)^ a model that reflects the critical events that 
occur during angiogenesis in vivo in a time dependant and 
broadly synchronous meoiner, has provided a tool for the 
identification of the key genes involved. 

15 Disclosure of the Invention 

Total RNA from cells harvested at specific time 
points from a biological model, in this case the Gamble et 
al (1993) model for eoigiogenesis, were used to .prepare 
cDNAs, which were subjected to a novel ' process 

2 0 incorporating suppression subtractive hybridization (SSH) 

to identify cDNAs derived from differentially expressed 
genes . 

According to one aspect of the present invention 
there is provided a method for the identification of a 
25 gene differentially expressed in an in vitro model of a 
biological system, comprising the steps of: 

(1) harvesting cells from the model system at 
predetermined time points; 

(2) obtaining total RNA from the cells 

3 0 harvested at each time point; 

(3) preparing cDNA from the total RNA from each 
time point to provide a plurality of pools of cDNA; 

(4) performing a suppression subtractive 
hybridization (SSH) on the cDNA pools from each time point 

3 5 sequentially so as to progressively amplify cDNAs derived 
from genes differentially expressed from one time period 
to the next. 
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Thus, up -regulation of a gene whose expression 
subsequently remains up-regulated at the same level will 
be detected (and the cDNA amplified) only in the first 
time period where the level cDNA is elevated, as the 
5 quantity of cDNA in pools from the subsequent time points 
will be the same. This reduction in rediindancy reduces 
the possibility that other genes of lower representation 
in the cell mRNA expression pool will be masked. In a 
particularly preferred embodiment of the present invention 

10 the model system is an In vitro model for angiogenesis 
(Gamble efc al . , 1993). 

Those cDNAs identified to be differentially expressed 
in the SSH process were cloned and subjected to microarray 
analysis, which lead to the identification of a number of 

15 genes that are up-regulated in their expression during the 
angiogenesis process. 

According to a further aspect of the present 
invention there is provided a method for the 
identification of a gene up-regulated in an in vitro model 

20 of a biological system, comprising the steps of: 

(1) harvesting cells from the model system at 
predetermined time points ; 

(2) obtaining total RNA from the cells 
harvested at each time point; 

25 (3) preparing cDNA from the total RNA from each 

time point to provide a plurality of pools of cDNA; 

(4) performing a suppression subtractive 
hybridization (SSH) on the cDNA pools from each time point 
sequentially so as to progressively amplify cDNAs derived 

30 from genes differentially expressed from one time period 
to the next. 

(5) cloning the amplified cDNAs; 

(6) locating DNA from each clone on a 
microarray; 

35 (7) generating antisense RNA by reverse 

transcription of total RNA from cells harvested from the 
in vitro model at said predetermined time intervals and 
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labelling the antisense RNA; and 

(8) probing the microarray with labelled 
antisense RNA from 0 hours and each of the other time 
points separately to identify clones containing cDNA 
5 derived from genes which are up -regulated at said time 
points in the In vitro model. 

Functional analysis of a subset of these up- regulated 
angiogenic genes and their effect on endothelial cell 
function and capillary tube formation is described in 

10 detail below. 

Accordingly, the present invention provides isolated 
nucleic acid molecules, which have been shown to be up- 
regulated in their expression during angiogenesis (see 
Tables 1 and 2) . The isolation of these angiogenic genes 

15 has provided novel targets for the treatment of 
angiogenesis -related disorders. 

In a first aspect of the present invention there is 
provided an isolated nucleic acid molecule as defined by 
SEQ ID Numbers: 1 to 44 . 

2 0 Following the realisation that these molecules, and 

those listed in Tables 1 and 2, are up-regulated in their 
expression during angiogenesis, the invention provides 
isolated nucleic acid molecules as defined by SEQ ID 
Numbers: 1 to 44, and laid out in Tables 1 and 2, or 

25 fragments thereof, that play a role in an angiogenic 
process. Such a process may include, but is not restricted 
to, embxyogenesls, menstrual cycle, wound repair, txunour 
angiogenesis and exercise induced muscle hypertrophy. 

In addition, the present invention provides isolated 

30 nucleic acid molecules as defined by SEQ ID Numbers: 1 to . 
44, and laid out in Tables 1 and 2 (hereinafter referred 
to as ^^angiogenic genes'', ^^angiogenic nucleic acid 
molecules'' or angiogenic polypeptides" for the sake of 
convenience), or fragments thereof, that play a role in 

35 diseases associated with the angiogenic process. Diseases 
may include, but are not restricted to, cancer, rheumatoid 
arthritis, diabetic retinopathy, psoriasis, and 
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cardiovascular diseases such as atherosclerosis, Ischaemlc 
limb disease and coronary arteary disease. Useful fragments 
may include those which are unique and which do not 
overlap any previously identified genes, unique fragments 
5 which do overlap with a Imown sequence, and fragments 
which span alternative splice junctions etc. 

The invention also encompasses an isolated nucleic 
acid molecule that is at least 70% Identical to any one of 
the angiogenic genes of the Invention and which plays a 

10 role in the angiogenic process. 

Such variants will have preferably at least about 
85%, and most preferably at least about 95% sequence 
identity to the angiogenic genes. Any one of the 
polynucleotide variants described above can encode an 

15 amino acid seq[uence, which contains at least one 
fxmctlonal or structural characteristic of the relevant 
angiogenic gene of the invention. 

Sequence identity is typically calculated using the 
BLAST algorithm, described in Altschul et al (1997) with 

20 the BLOSUM62 default matrix. 

The invention also encompasses an isolated nucleic 
acid molecule which hybridizes imder stringent conditions 
with any one of the angiogenic genes of the invention and 
which plays a role in an angiogenic process. 

25 Hybridization with PGR probes which are capable of 

detecting polynucleotide sequences. Including genomic 
sequences, may be used to identify nucleic acid sequences 
which encode the relevant angiogenic gene. The specificity 
of the probe, whether It Is made from a highly specific 

30 region, e.g., the 5* regulatory region, or from a less 
specific region, e.g., a conserved motif, eund the 
stringency of the hybridization or amplification will 
determine whether the probe identifies only naturally 
occurring sequences encoding the angiogenic gene, allelic 

35 variants, or related sequences. 

Probes may also be used for the detection of related 
sequences, and should preferably have at least 50% 
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sequence Identity to any of the angiogenic gene -encoding 
sequences of the invention. The hybridization probes of 
the present invention may be DNA or RNA and may be derived 
from any one of the angiogenic gene sequences or from 
5 genomic sequences including promoters # enhancers, and 
introns of the angiogenic genes. 

Means for producing specific hybridization probes for 
DNAs encoding any one of the angiogenic genes include the 
cloning of polynucleotide sequences encoding the relevant 

10 angiogenic gene or its derivatives into vectors for the 
production of mRNA probes. Such vectors are knovm in the 
art, and are commercially available. Hybridization probes 
may be labelled by radionuclides such as ^^P or ^^S, or by 
enzymatic labels, such as alkaline phosphatase coupled to 

15 the probe via avidin/biotin coupling systems, or other 
methods known in the art. 

Under stringent conditions, hybridization with ^.^P 
labelled probes will most preferably occur at 42°C in 750 
mM NaCl, 75 mM trisodium citrate, 2% SDS, 50% formamide, 

20 IX Denhart's, 10% (w/v) dextran sulphate and 100 pg/ml 
denatured salmon sperm DNA. Useful variations on these 
conditions will be readily apparent to those skilled in 
the art. The washing steps which follow hybridization most 
preferably occur at 65'^C in 15 mM NaCl, 1.5 mM trisodium 

25 citrate, and 1% SDS. Additional variations on these 
conditions will be readily apparent to. those skilled in 
the art. 

The nucleic acid molecules, or fragments thereof, of 
the present invention have a nucleotide sequence 

3 0 obtainable from a natural source. They therefore include 
naturally occurring normal, naturally occurring muteuit, 
naturally occurring polymorphic alleles, differentially 
spliced transcripts, splice variants etc. Natural sources 
include animal cells and tissues, body fluids, tissue 

35 culture cells etc. 

The nucleic acid molecules of the present invention 
can also be engineered using methods accepted in the art 
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so as to alter the angiogenic gene-encoding sequences for 

a variety of purposes. These include, but are not limited 

to, modification of the cloning, processing, and/or 

expression of the gene product, PGR reassembly of gene 

5 fragments and the use of synthetic oligonucleotides allow 

the engineering of angiogenic gene nucleotide sequences. 

For example, oligonucleotide -mediated site-directed 

mutagenesis can introduce mutations that create new 

restriction sites, alter glycosylation patterns and 

10 produce splice variants etc. 

As a result of the degeneracy of the genetic code, a 

number of nucleic acid sequences encoding the angiogenic 

genes of the invention, some that may have minimal 

I 

similarity to the nucleic acid sequences of any known and 

15 naturally occurring gene, may be produced. Thus, the 
invention includes each and every possible variation of 
polynucleotide sequence that could be made by selecting \ 
combinations based on possible codon choices. These* 
combinations are made in accordance with the standard^ 

20 triplet genetic code as applied to the polynucleotide:- 
sequence of the naturally occurring angiogenic gene, and 
all such variations are to be considered as being 
specifically disclosed. 

The nucleic acid molecules of this invention are 

25 typically DNA molecules, and include cDNA, genomic DNA, 
synthetic fozrms, and mixed polymers, both sense and 
antisense strands, and may be chemically or biochemically 
modified, or may contain non-natural or derivatised 
nucleotide bases as will be appreciated by those skilled 

30 in the art. Such modifications include labels, 
methylation, intercalators, alkylators and modified 
linkages. In some instances it may be advantageous to 
produce nucleotide seq[uences encoding an angiogenic gene 
or its derivatives possessing a substantially different 

35 codon usage than that of the naturally occurring gene. For 
example, codons may be selected to increase the rate of 
expression of the peptide in a particular prokaryotic or 
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eukaryotic host corresponding with the frequency that the 
host utilizes particular codons. Other reasons to alter 
the nucleotide secjuence encoding an angiogenic gene or its 
derivatives without altering the encoded amino acid 
5 sequence Include the production of RNA transcripts having 
more desirable properties^ such as a greater half-life^ 
than transcripts produced from the naturally occurring 
sequence . 

The invention also encompasses production of the 

10 nucleic acid molecules of the invention, entirely by 
synthetic chemistry. Synthetic sequences miay be Inserted 
into expression vectors and cell systems that contain the 
necessary elements for transcriptional and translatlonal 
control of the Inserted coding sequence in a suitable 

15 host. These elements may Include regulatory sequences, 
promoters, 5* and 3" untranslated regions and specific 
Initiation signals (such as an ATG initiation codon and 
Kozak consensus sequence) which allow more efficient, 
translation of sequences encoding the angiogenic genes. In 

20 cases where the complete coding sequence including its 
Initiation codon and upstream regulatory sequences are 
inserted into the appropriate expression vector, 
additional control signals may not be needed. However, in 
cases where only coding sequence, or a fragment thereof, 

25 is Inserted, exogenous translatlonal control signals as 
described above should be provided by the vector. Such 
signals may be of various origins, both natural and 
synthetic. The efficiency of expression may be enhanced by 
the inclusion of enhancers appropriate for the particular 

30 host cell system used (Scharf et al., 1994). 

The invention also Includes nucleic acid molecules 
that are the complements of the sequences described 
herein . 

The present invention allows for the preparation of 
35 purified polypeptides or proteins. In order to do this, 
host cells may be transfected with a nucleic acid molecule 
as described above. Typically, said host cells are 
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transfected with an expression vector comprising a nucleic 
acid molecule according to the invention. A variety of 
expression vector/host systems may be utilized to contain 
and express the sequences. These include, but are not 
5 limited to, microorganisms such as bacteria transformed 
with plasmid or cosmid DNA expression vectors; yeast 
transformed with yeast expression vectors; insect cell 
systems infected with viral expression vectors (e.g., 
baculovirus) ; or mouse or other animal or h\iman tissue 

10 cell systems. Mammalian cells can also be used to express 
a protein that is encoded by a specific angiogenic gene of 
the invention using various expression vectors including 
plasmid, cosmid and viral systems such as a vaccinia virus 
expression system. The invention is not limited by the 

15 host cell or vector employed. • 
The nucleic acid molecules, or variants thereof, of 
the present invention can be stably expressed in cell; 
lines to allow long term production of recombinant- 
proteins in mammalian systems. Sequences encoding any one' 

20 of the angiogenic genes of the invention can be' 
transformed into cell lines using expression vectors which 
may contain viral origins of replication and/or endogenous 
expression elements and a selectable marker gene on the 
same or on a separate vector. The selectable marker 

25 confers resistance to a selective agent, and its presence 
allows growth and recovery of cells which successfully 
express the introduced sequences. Resistant clones of 
stably transformed cells may be propagated using tissue 
culture techniques appropriate to the cell type. 

3 0 The protein produced by a transformed cell laay be 

secreted or retained intracellularly depending on the 
sequence and/or the vector used. As will be xinderstood by 
those of skill in the art, expression vectors containing 
polynucleotides which encode a protein may be designed to 

3 5 contain signal sequences which direct secretion of the 
protein through a prokaryotic or eukaryotic cell membrane. 

In addition, a host cell strain may be chosen for its 
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ability to modulate expression of the inserted sequences 
or to process the expressed protein in the desired 
fashion. Such modifications of the polypeptide include, 
but are not limited to, acetylation, glycosylation, 
5 phosphorylation, and acylation. Post- translational 
cleavage of a "prepro" form of the protein may also be 
used to specify protein targeting, folding, and/or 
activity. Different host cells having specific cellular 
machinery and characteristic mechanisms for post- 
10 translational activities (e.g., CHO or HeLa cells), are 
available from the American Type Culture Collection (ATCC) 
and may be chosen to ensure the correct modification and 
processing of the foreign protein. 

According to still another aspect of the present 
15 invention there is provided an expression vector 
comprising a nucleic acid molecule of the invention as 
described above . . . /. 

According to still another aspect of the present 
invention there is provided a cell comprising a nucleic 
2 0 acid molecule of the invention as described above. J 
When large qpiantities of protein are needed such as 
for antibody production, vectors which direct high levels 
of expression may be used such as those containing the T5 
or T7 inducible bacteriophage promoter. The present 
25 invention also includes the use of the expression systems 
described above in generating . and isolating fusion 
proteins which contain important ftinctional domains of the 
protein. These fusion proteins are used for binding, 
structural and functional studies as well as for the 
30 generation of appropriate antibodies. 

In order to express and purify the protein as a 
fusion protein, the appropriate polynucleotide sequences 
of the present invention are inserted into a vector which 
contains a nucleotide sequence encoding another peptide 
35 (for example, glutathionine succinyl transferase) . The 
fusion protein is expressed and recovered from prokaryotic 
or eukaryotic cells. The fusion protein can then be 
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purified by affinity chromatography based upon the fusion 
vector sequence and the relevant protein can subsequently 
be obtained by enzymatic cleavage of the fusion protein. 

Fragments of polypeptides of the present invention 
5 may also be produced by direct peptide synthesis using 
solid-phase techniques. Automated synthesis may be 
achieved by using the ABI 431A Peptide Synthesizer 
(Perkin-Elmer) . Various fragments of polypeptide may be 
synthesized separately and then combined to produce the 

10 full length molecule. 

In instances where the isolated nucleic acid 
molecules of the invention represent only partial gene 
sequence, these partial sequences can be used to obtain 
the corresponding sequence of the full-length angiogenic 

15 gene. Therefore, the present invention further provides 
the use of a partial nucleic acid molecule of the 
invention comprising a nucleotide sequence defined by any 
one of SEQ ID Numbers: 1 to 15, 17 to 37, and 39 to 44 to 
identify and/or obtain full-length human genes involved in 

20 the angiogenic process. Full-length angiogenic genes may- 
be cloned using the partial nucleotide sequences of the 
invention by methods known per se to those skilled in the 
art. For example. In sllico analysis of sequence databases 
such as those hosted at the National Centre for 

25 Biotechnology Information (http://www.ncbi.nlm.nih.gov/) 
can be searched in order to obtain overlapping nucleotide 
sequence. This provides a ^^walking'' strategy towards 
obtaining the full-length gene sequence. Appropriate 
databases to search at this site include the expressed 

30 sequence tag (EST) database (database of GenBank, EMBL and 
DDE J sequences from their EST divisions) or the non 
redxindant (nr) database (contains all GenBank, EMBL, DDBJ 
and PDB sequences but does not include EST, STS, GSS, or 
phase 0, 1 or 2 HTGS sequences) . Typically searches are 

3 5 performed using the BLAST algorithm described in Altschul 
et al (1997) with the BLOSUM62 default matrix. In 
instances where in silico '^walking" approaches fail to 
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retrieve the complete gene sequence , additional strategies 
may be employed. These include the use of ^^restriction- 
site PGR" vill allows the retrieval of unknovm sequence 
adjacent to a portion of DNA whose sequence is kno\fm. In 
5 this technique universal primers are used to retrieve 
\anknown sequence. Inverse PGR may also be used, in which 
primers based on the known sequence are designed to 
amplify adjacent unknown sequences. These upstream 
sequences may include promoters and regulatory elements . 

10 In addition, various other PCR-based techniques may be 
used, for example a kit available from Clontech (Palo 
Alto, California) allows for a walking PGR technique^ the 
5 'RACE kit (Gibco-BRL) allows isolation of additional 5' 
gene sequence, while additional 3 ■ sequence can be 

15 obtained using practised techniques (for example see Gecz 
et al.^ 1997) . 

In a further aspect of the present invention there is 
provided an isolated polypeptide as defined by SEQ ID. 
Numbers: 51 to 58 and laid out in Table 1* !; 

20 The present invention also provides isolated 

polypeptides, which have been shown to be up-regulated ifi 
their expression during angiogenesis (see Tables 1 and 2) . 

More specifically, following the realisation that 
these polypeptides are up-regulated in their expression 

25 during angiogenesis, the invention provides isolated 
polypeptides . as defined by SEQ ID Numbers: 51 to 58, and 
as laid out in Tables 1 and 2, or fragments thereof, that 
play a role in an angiogenic process. Such a process may 
include, but is not restricted to, embryogenesis, 

30 menstrual cycle, wo\md repair, txamour angiogenesis emd 
exercise induced muscle hypertrophy. 

In addition, the present invention provides isolated 
polypeptides as defined by SEQ ID Niimbers: 51 to 58, and 
as laid out in Tables 1 and 2, or fragments thereof, that 

35 play a role in diseases associated with the angiogenic 
process. Diseases may include, but are not restricted to, 
cancer, rheumatoid arthritis, diabetic retinopathy. 
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psoriasis, and cardiovascular diseases such as 
atherosclerosis, ischaexnic limb disease and coronary 
artery disease. 

The invention also encompasses an isolated 
5 polypeptide having at least 70%, preferably 85%, and more 
preferably 95%, identity to any one of SEQ ID Numbers: 51 
to 58, and which plays a role in an angiogenic process. 

Sequence identity is typically calculated using the 
BLAST algorithm, described in Altschul et al (1997) with 
10 the BLOSUM62 default matrix. 

In a further aspect of the invention there is 
provided a method of preparing a polypeptide as described 
above, comprising the steps of: 

(1) culturing cells as described above under 
15 conditions effective for production of the polypeptide; 
and 

(2) harvesting the polypeptide. 

According to still another aspect of the invention'^ 
there is provided a polypeptide which is the product of* 

20 the process described above. 

Substantially purified protein or fragments thereof'- 
can then be used in further biochemical analyses to 
establish secondary and tertiary structure. Such 
methodology is known in the art and includes, but is not 

25 restricted to. X-ray crystallography of crystals of the 
proteins or by nuclear magnetic resonance (NMR) . 
Determination of structure allows for the rational design 
of pharmaceuticals to interact with the protein, alter 
protein charge configuration or charge interaction with 

30 other proteins, or to alter its function in the cell. 

The invention has provided a nximber of genes likely 
to be involved in angiogenesis and therefore enables 
methods for the modulation of angiogenesis . As 
angiogenesis is critical in a number of pathological 

35 processes, the invention therefore also enables 
therapeutic methods for the treatment of all angiogenesis- 
related disorders, and may enable the diagnosis or 
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prognosis of all angiogenesls-related disorders associated 
with abnormalities in expression and/or function of any 
one of the angiogenic genes . 

Examples of such disorders include, but are not 
5 limited to, cancer, rheumatoid arthritis, diabetic 
retinopathy, psoriasis, and cardiovascular diseases such 
as atherosclerosis, ischaemic limb disease and coronary 
artery disease. 

10 Therapeutic Applications 

According to another aspect of the present invention 
there is provided a method of treating an angiogenesis- 
related disorder as described above, comprising 
administering a selective antagonist or agonist of an 

15 angiogenic gene or protein of the invention to a subject 
in need of such treatment. 

In still another aspect of the invention there is 
provided the use of a selective antagonist or agonist of 
an angiogenic gene or protein of the invention in the 

20 manufacture of a medicament for the treatment of an 
angiogenesis -related disorder as described above. 

For the treatment of angiogenesis -related disorders 
which result in imcontrolled or enhanced angiogenesis, 
including but not limited to, cancer, rheumatoid 

25 arthritis, disdDetic retinopathy, psoriasis and 

cardiovascular diseases such, as atherosclerosis, therapies 
which inhibit the expanding vasculature are desirable. 
This would involve inhibition of any one of the angiogenic 
genes or proteins that are able to promote angiogenesis, 

30 or enhancement, stimulation or re-activation of any one of 
the angiogenic genes or proteins that are able to inhibit 
angiogenesis. 

For the treatment of angiogenesis-related disorders 
which are characterised by inhibited or decreased 
35 angiogenesis, including but not limited to, ischaemic limb 
disease and coronary artery disease, therapies which 
enhance or promote vascular expansion are desirable. This 
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would involve inhibition of any one of the angiogenic 
genes or proteins that are able to restrict angiogenesis 
or enhancement, stimulation or re-activation of any one of 
the angiogenic genes or proteins that are able to promote 
5 angiogene sis. 

For instance, decreasing the expression of BN0782 and 
BN0481 has been shovm to disrupt endothelial cell activity 
leading to an inhibition of capillary tube formation and 
angiogenesis* Therefore^ in the treatment of disorders 

10 where angiogenesis needs to be restricted, it would be 
desirable to inhibit the function of these genes. 
Alternatively, in the treatment of disorders where 
angiogenesis needs to be stimulated it may be desirable to 
enhance the function of these genes. 

15 For each of these cases, the relevant therapy will be 

useful in treating angiogenesis -related disorders 
regardless of whether there is a lesion in the angiogenic 
gene. - > 

2 0 Inhibiting gene or protein function . 

Inhibiting the f\mction of a gene or protein can be 
achieved in a variety of ways . Antisense nucleic acid 
methodologies represent one approach to inactivate genes 
that are causative of a disorder. Antisense or gene- 

25 targeted silencing strategies may Include, but are not 
limited to, the use of antisense oligonucleotides, 
injection of antisense RNA, transfection of antisense RNA 
expression vectors, and the use of RNA interference (RNAi) 
or short interfering RNAs (siRNA) . RNAi can be used In 

3 0 vitro and in vivo to silence a gene when its expression 
contributes to angiogenesis (Sharp and Zsunore, 2000; 
Grishok et al., 2001). Still further, catalytic nucleic 
acid molecules such as DNAzymes and ribozymes may be used 
for gene silencing (Breaker and Joyce, 1994; Haseloff and 

35 Gerlach, 1988) . These molecules function by cleaving their 
target mRMA molecule rather than merely binding to it as 
in traditional antisense approaches. 
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In one aspect of the invention an isolated nucleic 
acid molecule^ which is the complement of any one of the 
relevant angiogenic nucleic acid molecules described above 
may be administered to a subject in need of such 
5 treatment. Typically, a complement to any relevant one of 
the angiogenic genes is administered to a subject to treat 
or prevent an angiogenesis-related disorder. In a further 
aspect the complement may encode an RNA molecule that 
hybridizes with the mRNA encoded by the relevant 
10 angiogenic gene of the invention or may be a short 
interfering oligonucleotide (siRNA) that hybridizes with 
the mRNA encoded by the relevant angiogenic gene of the 
invention. 

In a further aspect of the invention there is 
15 provided the use of an isolated nucleic acid molecule 
which is the complement of any one of the relevant nucleic ' 
acid molecules of the invention and which encodes an RNA.'^ 
molecule or a short interfering oligonucleotide (siRNA) v 
that hybridizes with the mRNA encoded by the relevant'! 
20 angiogenic gene of the invention, in the manufacture of a., 
medicament for the treatment of an angiogenesis-related. 
disorder. 

Typically, a vector expressing the complement of a 
polynucleotide encoding any one of the relevant angiogenic 

25 genes may be administered to a subject to treat or prevent 
an angiogenesis-related disorder including, but not 
limited to, those described above. Many methods for 
introducing vectors into cells or tissues are available 
and equally suitable for use in vivo. In vitro, and ex 

30 vivo. For ex vivo therapy, vectors laay be introduced into 
stem cells taken from the patient and clonally propagated 
for autologous transplant back into that same patient. 
Delivery by transf ection, by liposome injections, or by 
polycationic amino polymers may be achieved using methods 

35 which are well Icnown in the art. (For example, see Goldman 
et al . , 1997) . 

In a further aspect purified protein according to the 
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invention may be used to produce antibodies wblchi 
specifically bind any relevant angiogenic protein of the 
invention. These an.tibodies may be used directly as an 
antagonist or indirectly as a targeting or delivery 
5 mechanism for bringing a pharmaceutical agent (such as a 
cytotoxic agent) to cells or tissues that express the 
relevant angiogenic protein. Such antibodies may include, 
but are not limited to, polyclonal, monoclonal, chimeric 
and single chain antibodies as would be understood by the 

10 person skilled in the art. 

For the production of antibodies, various hosts 
including rabbits, rats, goats, mice, humans, and others 
may be immunized by injection with a protein of the 
invention or with any fragment or oligopeptide thereof, 

15 which has lmm\inogenlc properties. Various adjuvants may be 
used to Increase Immunological response and include, but 
are not limited to, Frexmd's, mineral gels such as*, 
aluminum hydroxide, and surf ace- active substances such as* 
lysolecithin. Adjuvants used in humans include BCG 

20 (bacilli Calmette-Guerin) and Corynebacterium parvum. 

It is preferred that the oligopeptides, peptides, or 
fragments used to induce antibodies to the relevant 
angiogenic protein have an amino acid sequence consisting 
of at least about 5 amino acids, and, more preferably, of 

25 at least about 10 amino acids. It is also preferable that 
these oligopeptides, peptides, or fragments are Identical 
to a portion of the amino acid sequence of the natural 
protein and contain the entire amino acid sec[uence of a 
small, naturally occurring molecule. Short stretches of 

3 0 amino acids from these proteins may be fused with those of 
another protein, such as KLH, and guatibodies to the 
chimeric molecule may be produced. 

Monoclonal antibodies to any relevant angiogenic 
protein may be prepared using any technique which provides 

35 for the production of antibody molecules by continuous 
cell lines in culture. These include, but are not limited 
to, the hybrldoma technique, the human B-cell hybridoma 
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technique^ and the EBV-hybridoma technique. (For exazxiple, 
see Kohler and Milstein, 1975; Rozbor et al., 1985; Cote 
et alw 1983; Cole et al • , 1984). 

Monoclonal antibodies produced may include , but are 
5 not limited to, mouse-derived antibodies, humanised 
antibodies and fully-human antibodies. For example, 
antibodies are obtained from transgenic mice that have 
been engineered to produce specific hximan antibodies in 
response to antigenic challenge. In one example of this 

10 technique, elements of the hxaman heavy and light chain 
loci are introduced into strains of mice derived from 
embryonic stem cell lines that contain targeted 
disruptions of the endogenous heavy and light chain loci. 
These transgenic mice can synthesise human antibodies 

15 specific for human antigens and can be used to produce 
human antibody- secreting hybridomas. Methods for obtaining 
human antibodies from transgenic mice are described for;* 
example in Lonberg et al . , 1994; Green et al., 1994;-^ 
Taylor et al . , .1994. 

20 Antibodies may also be produced by inducing In vivo' 

production in the lymphocyte population or by screening 
immiinoglobulin libraries or panels of highly specific 
binding reagents as disclosed in the literature. (For 
example, see Orlandi et al . , 1989; Winter et al . , 1991). 

25 Antibody fragments which contain specific binding 

sites for any relevant angiogenic protein may also be 
generated. For example, such fragments include, F(ab")2 
fragments produced by pepsin digestion of the antibody 
molecule and Fab fragments generated by reducing the 

3 0 disulfide bridges of the F (€□:>■) 2 fragments. Alternatively, 
Fab expression libraries may be constructed to allow rapid 
and easy identification of monoclonal Fab fragments with 
the desired specificity. (For example, see Huse et al., 
1989) . 

35 Various immunoassays may be used for screening to 

identify antibodies having the desired specificity. 
Niunerous protocols for competitive binding or 
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immxinoradiometric assays using either polyclonal or 
monoclonal antibodies with established specificities are 
well known in the art. Such immunoassays typically involve 
the measurement of complex formation between a protein and 
5 its specific antibody. A two-site, monoclonal -based 
immunoassay utilising monoclonal antibodies reactive to 
two non- interfering epitopes is preferred, but a 
competitive binding assay may also be employed. 

In a further aspect, antagonists may include 

10 peptides, phosphopeptides or small organic or inorganic 
compounds. These antagonists should disrupt the function 
of any relevant angiogenic gene of the Invention so as to 
provide the necessary therapeutic effect. 

Peptides, phosphopeptides or small organic or 

15 Inorgeuiic compounds suitable for therapeutic applications 
may be Identified using nucleic acids and polypeptides of, 
the. invention in drug screening applications as described 
below. 

2 0 Enhancing gene or protein function V 

Enhancing, stimulating or re-activating a gene's or 
protein's function can be achieved in a variety of ways. 
In one aspect of the invention administration of an 
isolated nucleic acid molecule, as described above, to a 
25 subject in need of such treatment may be initiated. 
Typically, any relevant angiogenic gene of the invention 
can be administered to a subject to treat or prevent an 
angiogenesis- related disorder. 

In a further aspect, there is provided the use of an 

3 0 isolated nucleic acid molecule, as described above, in the 

manufacture of a medicament for the treatment of an 
angiogenesis -related disorder. 

Typically, a vector capable of expressing any 
relevant angiogenic gene, or a fragment or derivative 
35 thereof, may be administered to a sxibject to treat or 
prevent a disorder including, but not limited to, those 
described above. Transducing retroviral vectors are often 
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used for somatic cell gene therapy because of their high 
efficiency of infection and stable Integration and 
expression. Any relevant full-length gene, or portions 
thereof, can be cloned into a retroviral vector and 
5 expression may be driven from its endogenous promoter or 
from the retroviral long terminal repeat or from a 
promoter specific for the target cell type of interest. 
Other viral vectors can be used and include, as is known 
in the art, adenoviruses, adeno- associated viruses, 

10 vaccinia viruses, papo va viruses , lentiviruses and 
retroviruses of avian, murine and human origin. 

Gene therapy would be carried out according to 
established methods (Friedman, 1991; Culver, 1996) . A 
vector containing a copy of any relevant euigiogenic gene 

15 linked to expression control elements and capable of 
replicating inside the cells is prepared. Alternatively, 
the vector may be replication deficient and may require '<^ 
helper cells for replication and use in gene therapy. 

Gene transfer using non-viral methods of infection ±hv 

20 vitro can also be used. These methods include direct' 
injection of DNA, uptake of naked DNA in the presence of ^ 
calcium phosphate, electroporation, protoplast fusion or 
liposome delivery. Gene transfer can also be achieved by 
delivery as a part of a human artificial chromosome or 

25 receptor-mediated gene transfer. This involves linking the 
DNA to a targeting molecule that will bind to specific 
cell -surface receptors to induce endocytosis and transfer 
of the DNA into mammalian cells. One such technique uses 
poly-L- lysine to link asialoglycoprotein to DNA. An 

30 adenovirus is also added to the complex to disrupt the 
lysosomes and thus allow the DNA to avoid degradation^ and 
move to the nucleus. Infusion of these particles 
intravenously has resulted in gene transfer into 
hepatocytes . 

35 Although not identified to date, it is possible that 

certain individuals with angiogenesis -related disorders 
contain an abnormality in any one of the angiogenic genes 
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of the invention. In affected subjects that express a 
mutated form of any one of the angiogenic genes of the 
invention it may be possible to prevent the disorder by 
introducing into the affected cells a wild- type copy of 
5 the gene such that it recombines with the mutant gene. 
This requires a double recombination event for the 
correction of the gene mutation. Vectors for the 
introduction of genes in these ways are known in the art^ 
and any suitedDle vector may be used. Alternatively, 

10 introducing another copy of the gene bearing a second 
mutation in that gene may be employed so as to negate the 
original gene mutation and block any negative effect. 

In a still further aspect, there is provided a method 
of treating an angiogenesis -related disorder comprising 

15 administering a polypeptide, as described above, or ah 
agonist thereof, to a siibject in need of such treatment. 

In another aspect the invention provides the use of a 
polypeptide as described above, or an agonist thereof, in: 
the manufacture of a medicament for the treatment of ari^ 

20 angiogenesis-related disorder. Examples of such disorderi^ 
are described above. 

In a further aspect, a suitable agonist may also 
include peptides, phosphopeptides or small organic or 
inorganic compoxands that can mimic the function of any 

25 relevant angiogenic gene, or may include an antibody to 
any relevant angiogenic gene that is able, to restore 
ftinction to a normal level. 

Peptides, phosphopeptides or small organic or 
inorganic compounds suitable for therapeutic applications 

3 0 may be identified using nucleic acids and polypeptides of 
the invention in drug screening applications as described 
below. 

In further embodiments, any of the agonists, 
antagonists, complementary sequences, nucleic acid 
35 molecules, proteins, suatibodies, or vectors of the 
invention may be administered in combination with other 
appropriate therapeutic agents. Selection of the 
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appropriate agents may be made by those skilled in the 
art^ according to conventional pharmaceutical principles. 
The combination of therapeutic agents may act 
synergistically to effect the treatment or prevention of 
5 the various disorders described above. Using this 
approach, therapeutic efficacy with lower dosages of each 
agent may be possible, thus reducing the potential for 
adverse side effects. 

Any of the therapeutic methods described above may be 
10 applied to any subject in need of such therapy, including, 
for example, mammals such as dogs, cats, cows, horses, 
rabbits, monkeys, and most preferably, humans. 

Modulation of angiogenesis 

15 As the invention has provided a number of genes 

likely to be involved in angiogenesis it therefore enables; 
methods for the modulation of angiogenesis. In a further^; 
aspect of the present invention, any of the methods' 
described above used for the treatment of an angiogenesis-/ 

2 0 related disorder may be used for the modulation ofj^'- 
angiogenesis in any system comprising cells. These systems - 
may include but are not limited to, in vitro assay systems 
(e.g. Matrigel assays, proliferation assays, migration 
assays, collagen assays, bovine capillary endothelial cell 

25 assay etc). In vivo assay systems (e.g. in vivo Matrigel- 
type assays, chicken chorioallantoic membrane assay, 
isolated organs, tissues or cells etc) , animal models 
(e.g. in vivo neovascularisation assays, tumour 
angiogenesis models etc) or hosts in need of treatment 

30 (e.g. hosts suffering from angiogenesis -related disorders 
as previously described. 



Drug screening 

According to still another aspect of the invention, 
35 nucleic acid molecules of the invention as well as 
peptides of the invention, particularly any relevant 
purified angiogenic polypeptides or fragments thereof, and 



wo 2004/085675 



- 24 - 



PCT/AU2004/000383 



10 



cells expressing these are useful for screening of 
candidate pharmaceutical compounds in a variety of 
technic[ues for the treatment of angiogenesis -related 
disorders . 

Still further, it provides the use wherein high 
throughput screening techniques are employed. 

Compounds that can be screened in accordance with the 
invention include, but are not limited to peptides (such 
as soluble peptides) , phosphopeptides and small organic or 
inorganic molecules (such as natural product or synthetic 
chemical libraries and pep tidomime tics) • 

In one embodiment, a screening assay may include a 
cell -based assay utilising eukaryotic or prokaryotic host 
cells that are stably transfoinned with recombinant nucleic 
15 acid molecules expressing the relevant angiogenic 
polypeptide or fragment, in competitive binding assays.*. 
Binding assays will measure for the formation of complexes 
between the relevant polypeptide or fragments thereof and 
the compound being tested, or will measure the degree to 
20 which a compound being tested will interfere with th^: 
formation of a complex between the relevant polypeptide or 
fragment thereof, and its interactor or ligand. 

Non cell-based assays may also be used for 
identifying compounds that interrupt binding between the 
25 polypeptides of the invention and their interactors. Such 
assays are known In the art and Include for example 
AlphaScreen technology (PerkinElmer Life Sciences, MA, 
USA) . This application relies on the use of beads such 
that each interaction partner is bound to a separate bead 
30 via an antibody. Interaction of each partner will bring 
the beads into proximity, such that laser excitation 
initiates a niamber of chemical reactions ultimately 
leading to fluorophores emitting a light signal. Candidate 
compoimds that disrupt the binding of the relevant 
35 angiogenic polypeptide with its Interactor will result in 
loss of light emission enabling identification and 
Isolation of the responsible compotmd. 
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High- throughput drug screening techniques may also 
employ methods as described in WO84/03564. Small peptide 
test compounds synthesised on a solid substrate can be 
assayed through relevant angiogenic polypeptide binding 
5 and washing. The relevant bound angiogenic polypeptide is 
then detected by methods well known in the art. In a 
variation of this technique^ purified angiogenic 
polypeptides can be coated directly onto plates to 
identify interacting test compounds. 

10 An additional method for drug screening involves the 

use of host eukaryotic cell lines that carry mutations in 
any relevant angiogenic gene of the invention. The host 
cell lines are also defective at the polypeptide level. 
Other cell lines may be used where the expression of the 

15 relevant angiogenic gene can be regulated (i.e. over- 
expressed, under- expressed, or switched off) . The host, 
cell lines or cells are grown in the presence of various ^ 
drug compounds and the rate of growth of the host cells is^ 
measured to determine if the compoxmd is capable of. 

20 regulating the growth of defective cells. .a 
The angiogenic polypeptides of the present invention 
may also be used for screening compounds developed as a 
result of combinatorial library technology. This provides 
a way to test a large number of different sxibstances for 

25 their ability to modulate activity of a polypeptide. A 
sxibstance identified as a . modulator of polypeptide 
fiinction may be peptide or non-peptide in nature. Non- 
peptide "small molecules" are often preferred for many in 
vivo pharmaceutical applications. In addition, a mimic or 

30 mimetic of the substance may be designed for 
pharmaceutical use. The design of mimetics based on a 
known pharmaceutically active compound (^^lead" compound) 
is a common approach to the development of novel 
pharmaceuticals. This is often desirable where the 

3 5 original active compoxmd is difficult or expensive to 
synthesise or where it provides an unsuitable method of 
administration. In the design of a mimetic, particular 
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parts of the original active compound that are Important 
In determining the target property are Identified. These 
parts or residues constituting the active region of the 
compoxind are known as its pharmacophore. Once found, the 
5 pharmacophore structure is modelled according to its 
physical properties using data from a range of sources 
including x-ray diffraction data and NMR. A template 
molecule is then selected onto which chemical groups that 
mimic the pharmacophore can be added. The selection can be 

10 made such that the mimetic is easy to synthesise, is 
likely to be pharmacologically acceptable, does not 
degrade In vivo and retains the biological activity of the 
lead compound. Further optimisation or modification can be 
carried out to select one or more final mlmetlcs useful 

15 for in vivo or clinical testing. 

It is also possible to Isolate a target- specif ic . 
antibody and then solve Its crystal structure. In* 
principle, this approach yields a pharmacophore upon whicK* 
siibsequent drug design can be based as described above. It-' 

2 0 may be possible to avoid protein crystallography' 
altogether by generating anti-ldiotypic antibodies (anti- 
ids) to a functional, pharmacologically active antibody. 
As a mirror image of a mirror image, the binding site of 
the anti-ids would be expected to be an analogue of the 

25 original binding site. The anti-id could then be used to 
Isolate peptides from chemically or biologically produced 
peptide banks . 

AniDther alternative method for drug screening relies 
on structure-based rational drug design. Determination of 

30 the three dimensional structure of the polypeptides of the 
invention, or the three dimensional structure of the 
protein complexes which may Incorporate these polypeptides 
allows for structure -based drug design to Identify 
biologically active lead compounds. 

35 Three dimensional structural models can be generated 

by a number of applications, some of which Include 
experimental models such as x-ray crystallography cuxd NMR 
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cuid/or from In sillco studies using information from 
structural databases such as the Protein Databank (PDB) • 
In addition, three dimensional structural models can be 
determined using a number of known protein structure 
5 prediction techniques based on the primary sequences of 
the polypeptides (e.g. SYBYL - Tripos Associated, St. 
Louis, MO) , de novo protein structure design programs 
(e.g. MODELER - MSI Inc., San Diego, CA, or MOE - Chemical 
Computing Group^ Montreal, Canada) or ah initio methods 

10 (e.g. see US Patent Nxxmbers 5331573 and 5579250) . 

Once the three dimensional structure of a polypeptide 
or polypeptide complex has been determined, structure- 
based drug discovery techniques can be employed to design 
biologically active compounds based on these three 

15 dimensional structures. Such techniqpies are known in the 
art emd include examples such as DOCK (University of. 
California, San Francisco) or AUTODOCK (Scripps Research 
Institute, La Jolla, California) . A computational docking? 
. protocol will identify the active site or sites that ar^' 

20 deemed important for protein activity based on a predicted'^ 
protein model; Molecular databases, such as the Available- 
Chemicals Directory (ACD) are then screened for molecules 
that complement the protein model. 

Using methods such as these, potential clinical drug 

25 candidates can be identified and computationally ranked in 
order to reduce the time and expense associated with 
typical ^wet lab' drug screening methodologies. 

Compounds identified from the screening methods 
described above form a part of the present invention, as 

3 0 do phainnaceutical compositions containing these and a 
phaarmaceutically acceptable carrier. 

Pharmaceutical Preparations 

Compo\inds identified from screening assays as 
35 indicated above can be administered to a patient at a 
therapeutically effective dose to treat or ameliorate a 
disorder associated with angiogenesis . A therapeutically 
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effective dose refers to that amount of the compoiind 
sufficient to result in amelioration of symptoms of the 
disorder . 

Toxicity and therapeutic efficacy of such compounds 
5 can be determined by standard pharmaceutical procedures in 
cell cultures or experimental animals. The data obtained 
from these studies can then be used in the formulation of 
a range of dosages for use in humans • 

Pharmaceutical compositions for use in accordance 

10 with the present invention can be formulated in a 
conventional manner using one or more physiological 
acceptable carriers, excipients or stabilisers which are 
well known. Acceptable carriers, excipients or stabilizers 
are non- toxic at the dosages and concentrations employed, 

15 and include buffers such as phosphate, citrate, and other 
organic acids; antioxidants including absorbic acid; low., 
molecular weight (less than about 10. residues)^ 
polypeptides; proteins, such as serum albumin, gelatin, oxi 
immunoglobulins; binding agents including hydrophilic / 

20 polymers such as polyvinylpyrrolidone; amino acids such as' 
glycine, glutamine, asparagine, arginine or lysine; 
monosaccharides, disaccharides, and other carbohydrates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugar alcohols such as mannitol or sorbitol; 

25 salt- forming counterions such as sodium; and/or non- ionic 
surfactants such as Tween, Pluronics or polyethylene 
glycol (PEG) . 

The formulation of phainnaceutical compositions for 
use in accordance with the present invention will be based 
30 on the proposed route of administration. Routes of 
administration may include, but are not limited to, 
inhalation, insufflation (either through the mouth or 
nose) , oral, buccal, rectal or parental administration. 

35 Diagnostic and prognostic applications 

Should abnormalities in any one of the angiogenic 
genes of the invention exist, which alter activity and/or 
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expression of the gene to give rise to angiogenesis- 
related disorders, the polynucleotides and polypeptides of 
the invention may be used for the diagnosis or prognosis 
of these disorders, or a predisposition to such disorders. 
Examples of such disorders include, but are not limited 
to, cancer, rheumatoid arthritis, diabetic retinopathy, 
psoriasis, cardiovascular diseases such as 

atherosclerosis, ischaemic limb disease and coronary 
artery disease. Diagnosis or prognosis may be used to 
determine the severity, type or stage of the disease state 
in order to initiate an appropriate therapeutic 
intervention . 

In another embodiment of the invention, the 
polynucleotides that may be used for diagnostic or 
15 prognostic purposes include oligonucleotide sequences, 
genomic DNA and complementary RNA and DNA molecules. The! 
polynucleotides may be used to detect and quantitate gene, 
expression in biopsied tissues in which abnonoal'! 
expression or mutations in any one of the angiogenic genes^' 
may be correlated with disease. Genomic DNA used for the^? 
diagnosis or prognosis may be obtained from body cells,-.: 
such as those present in the blood, tissue biopsy, 
surgical specimen, or autopsy material. The DNA may be 
isolated and used directly for detection of a specific 
sequence or may be amplified by the polymerase chain 
reaction (PGR) prior to analysis. Similarly, RNA or cDNA 
may also be used, with or without PGR amplification. To 
detect a specific nucleic acid sequence, direct nucleotide 
sequencing, reverse transcriptase PGR (RT-PGR) , 
hybridization using specific oligonucleotides, restriction 
enzyme digest and mapping, PGR mapping, RNAse protection, 
and various other methods may be employed. 
Oligonucleotides specific to particular sec[uences can be 
chemically synthesized and labelled radioactively or 
35 nonradioactively and hybridized to individual samples 
immobilised on membranes or other solid- supports or in 
solution. The presence, absence or excess expression of 
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any one of the angiogenic genes may then be visualized 
using methods such as autoradiography, f luorometry, or 
colorimetry . 

In a particular aspect, the nucleotide sequences of 
5 the invention may be useful in assays that detect the 
presence of associated disorders, particularly those 
mentioned previously. The nucleotide sequences may be 
labelled by standard methods and added to a fluid or 
tissue sample from a patient under conditions suitable for 

10 the formation of hybridization complexes. After a suitable 
incTibation period, the sample is washed and the signal is 
quantitated and compared with a standard value. If the 
amount of signal in the patient sample is significantly 
altered in comparison to .a control sample then the 

15 presence of altered levels of nucleotide sequences in the 
saxnple indicates the presence of the associated disorder-. ) 
Such assays may also be used to evaluate the efficacy of a;, 
particular therapeutic treatment regimen in aniT^al^i 
studies, in clinical trials, or to monitor the treatment> 

20 of an individual patient. 

In order to provide a basis for the diagnosis or«- 
prognosis of an angiogenesis-related disorder associated 
with a mutation in any one of the angiogenic genes of the 
invention, the nucleotide sequence of the relevant gene 

25 can be compared between normal tissue and diseased tissue 
in order to establish whether the patient expresses a 
mutant gene. 

In order to provide a basis for the diagnosis or 
prognosis of a disorder associated with abnormal 

30 expression of any one of the angiogenic genes of the 
invention, a normal or standard profile for expression is 
established. This may be accomplished by combining body 
fluids or cell extracts taken from normal subjects, either 
animal or hioman, with a sequence, or a fragment thereof, 

35 encoding the relevant angiogenic gene, under conditions 
suitable for hybridization or amplification. Standard 
hybridization may be qpiantified by comparing the values 
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obtained from normal subjects with values from an 
experiment in which a known amoxint of a substantially 
purified polynucleotide is used. Another method to 
identify a normal or standard profile for expression of 
5 any one of the angiogenic genes is through quantitative 
RT-PCR studies. RNA isolated from body cells of a normal 
individual, particularly RNA isolated from endothelial 
cells, is reverse transcribed and real-time PGR using 
oligonucleotides specific for the relevant gene is 

10 conducted to establish a normal level of expression of the 
gene. Standard values obtained in both these examples may 
be compared with values obtained from samples from 
patients who are symptomatic for a disorder. Deviation 
from standard values is used to establish the presence of 

15 a disorder. 

Once the presence of a disorder is established and a-' 
treatment protocol is initiated, hybridization assays or^ 
quantitative RT-PCR studies may be repeated on a regulars- 
basis to determine if the level of expression in the;) 

20 patient begins to approximate that which is observed in'' 
the normal subject. The results obtained from successive* 
assays may be used to show the efficacy of treatment over 
a period ranging from several days to months . 

According to a further aspect of the invention there 

25 is provided the use of an angiogenic polypeptide as 
. described above in the diagnosis . or prognosis of an 
angiogenesis -related disorder associated with any one of 
angiogenic genes of the invention, or a predisposition to 
such disorders. 

30 vnien a diagnostic or prognostic assay is to be based 

upon any relevant emgiogenic polypeptide, a variety of 
approaches are possible. For example, diagnosis or 
prognosis can be achieved by monitoring differences in the 
electrophoretic mobility of normal and mutant proteins. 

35 Such an approach will be particularly useful in 
identifying mutants in which charge substitutions are 
present, or in which insertions, deletions or 
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substitutions have resulted in a significant change in the 
electrophoretic migration of the resultant protein. 
Alternatively, diagnosis or prognosis may be based upon 
differences in the proteolytic cleavage patterns of normal 
5 and mutant proteins, differences in molar ratios of the 
various amino acid residues, or by functional assays 
demonstrating altered function of the gene products. 

In another aspect, antibodies that specifically bind 
the relevant angiogenic gene product may be used for the 

10 diagnosis or prognosis of disorders characterized by 
abnormal expression of the gene, or in assays to monitor 
patients being treated with the relevant angiogenic gene 
or protein or agonists, antagonists, or inhibitors 
thereof. Antibodies useful for diagnostic or prognostic 

15 purposes may be prepared in the same maimer as described 
above for therapeutics. Diagnostic or prognostic assays 
may include methods that utilize the antibody and a label 
to detect the relevant protein in human body fluids or iri 
extracts of cells or tissues. The antibodies may be used 

20 with or without modification, and may be labelled by 
covalent or non-covalent attachment of a reporter 
molecule . 

A variety of assays for measuring the relevant 
angiogenic polypeptide based on the use of antibodies 

25 specific for the polypeptide are known in the art and 
provide, a basis for diacfnosing altered or abnormal levels 
of expression. Normal or standard values for expression 
are established by combining body fluids or cell extracts 
taken from normal mammalian subjects, preferably hiurian, 

30 with antibody to the relevant protein xander conditions 
suitable for complex formation. The amo\ant of standard 
complex formation may be quant ita ted by various methods 
which are known in the art. Examples include, but are not 
limited to, enzyme- linked immunosorbent assays (ELISAs) , 

35 radioimmunoassays (RlAs) , immunofluorescence, flow 

cytometry, histology, electron microscopy, in situ assays, 
immunoprecipitation. Western blot etc. For example, using 
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the ELXSA technique an enzyme which Is bound to the 
antibody will react with an appropriate substrate, 
preferably a chromogenic substrate, in such a manner as to 
produce a chemical moiety that can be detected for example 
5 by spectrophotomeric, fluorimetric or by visual means. 
Detection may also be accomplished by using other assays 
such as RlAs where the antibodies or antibody fragments 
are radioactively labelled. It is also possible to label 
the antibody with a fluorescent compound. When the 

10 f luorescently labelled antibody is exposed to light of a 
certain wavelength, its presence can then be detected due 
to fluorescence. The antibody can also be detectably 
labelled by coupling it to a chemiluminescent compound. 
The presence of the chemilxaminescent- tagged antibody is 

15 then determined by detecting the presence of luminescence 
that arises during the course of a chemical reaction. 

Quantities . of protein expressed in subject, control, ;, 
and disease samples from biopsied tissues are compared; 
with the standard values . Deviation between standard and*'* 

20 subject values estsQ^lishes the parameters for diagnosing^- 
or prognosing disease. 

Once an individual has been diagnosed or prognosed 
with a disorder, effective treatments can be initiated, as 
described above. In the treatment of angiogenesis-related 

25 diseases which are characterised by uncontrolled or 
enhanced anglogenesls, the expanding vasculature needs to 
be inhibited. This would Involve inhibiting the relevant 
angiogenic genes or proteins of the invention that promote 
anglogenesls. In addition, treatment may also need to 

3 0 stimulate expression or function of the relevant 
angiogenic genes or proteins of the Invention whose normal 
role is to inhibit anglogenesls but whose activity is 
reduced or absent in the affected individual. 

In the treatment of angiogenesls-related diseases 

35 which are characterised by inhibited. or decreased 
anglogenesls, approaches which enhance or promote vascular 
expansion are desirable. This may be achieved using 
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methods essentially as described aO^ove but will involve 
stimulating the expression or fiinction of the relevant 
angiogenic gene or protein whose normal role is to promote 
angiogenesis but whose activity is reduced or absent in 
5 the affected individual. Alternatively, inhibiting genes 
or proteins that restrict angiogenesis may also be an 
approach to treatment. 

Mi c roar ray 

10 In further embodiments, complete cONAs, 

oligonucleotides or longer fragments derived from any of 
the polynucleotide sequences described herein may be used 
as probes in a microarray. The microarray can be used to 
monitor the expression level of large numbers of genes 

15 simultaneously and to identify genetic variants, 
mutations, and polymorphisms. This information may be used 
to determine gene function, to understand the genetic; 
basis of angiogenesis -related disorders, to diagnose or;' 
prognose angiogenesis-related disorders, and to develop'- 

20 and monitor the activities of therapeutic agents J' 
Microarrays may be prepared, used, and analysed using 
methods known in the art. (For example, see Schena et al., 
1996; Heller et al . , 1997). 

25 Transformed hosts 

The present invention also provides for the 
production of genetically modified (knock-out, knock-in 
and transgenic) , non-human animal models comprising the 
nucleic acid molecules of the invention. These animals are 

30 useful for the study of the fxinction of the relevant 
angiogenic gene, to study the process of angiogenesis, to 
study the mechanisms of angiogenic disease as related to 
these genes, for the screening of candidate pharmaceutical 
compounds for the treatment of angiogenesis-related 

35 disorders, for the creation of explanted mammalian cell 
cultures which express the protein or mutant protein, and 
for the evaluation of potential therapeutic interventions. 
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Animal species which are suitable for use in the 
animal models of the present invention include, but are 
not limited to, rats, mice, hamsters, guinea pigs, 
rabbits, dogs, cats, goats, sheep, pigs, and non-human 
5 primates such as monkeys and chimpanzees. For initial 
studies, genetically modified mice and rats are highly 
desirsJDle due to the relative ease in generating knock- in, 
knock-out or transgenics of these animals, their ease of 
maintenance and their shorter life spans . For certain 
10 studies, transgenic yeast or invertebrates may be suitable 
and preferred because they allow for rapid screening and 
provide for much easier handling. For longer term studies, 
non-human primates may be desired due to their similarity 
with humans. . 

15 To create an animial model based on any one of the 

angiogenic genes of the invention, several methods can be : 
employed. These include, but are not limited to,'5 
generation of a specific mutation in a homologous animal;; 
gene> insertion of a wild type human gene and/or a't 

20 humanized animal gene by homologous recombination, iv 
insertion of a mutant (single or multiple) human gene as 
genomic or minigene cDNA constructs using wild type,' 
mutant or artificial promoter elements, or insertion of 
artificially modified fragments of the endogenous gene by 

25 homologous recombination. The modifications include 
insertion of mutant stop codons, the deletion of DNA 
seG[uences, or the inclusion of recombination elements (lox 
p sites) recognized by enzymes such as Ore recombinase. 

To create transgenic mice in order to study gain of 

30 gene function in vivo, any relevant angiogenic gene can be 
inserted into a mouse germ line using standard techniques 
such as oocyte microinjection. Gain of gene function can 
mean the over expression of a gene and its protein product, 
or the genetic complementation of a mutation of the gene 

3 5 \inder investigation. For oocyte injection, one or more 
copies of the wild type or mutant gene can be inserted 
into the pronucleus of a just- fertilized mouse oocyte. 



wo 2004/085675 PCT/AU2004/000383 

- 36 - 

This oocyte is then reimplanted into a pseudo-pregneoit 
foster mother. The liveborn iaice can then be screened for 
integrants using analysis of tail DNA for the presence of 
the relevant hximan angiogenic gene sequence. The transgene 
5 can be either a complete genomic sequence injected as a 
YAC, BAG, PAC or other chromosome DNA fragment, a cDNA 
with either the natural promoter or a heterologous 
promoter, or a minigene containing all of the coding 
region and other elements f oxind to be necessary for 

10 optimum expression. 

To generate knock-out mice or knock- in mice, gene 
targeting through homologous recombination in mouse 
embryonic stem (ES) cells may be applied. Knock-out mice 
are generated to study loss of gene f\inction In vivo while 

15 knock- in mice allow the study of gain of function or to 
study the effect of specific gene mutations. Knock-in mic^ 
are similar to transgenic mice however the integration- 
site and copy number are defined in the former. • 

For knock-out mouse generation, gene targeting; 

20 vectors can be designed such that they disrupt (knock-out')^ 
the protein coding sequence of the relevant angiogenic 
gene in the mouse genome. Knock-out animals of the 
invention will comprise a functional disruption of a 
relevant angiogenesis gene of the invention such that the 

25 gene does not express a biologically active product. It 
can be s\abstantially deficient in at least one functional 
activity coded for by the gene. Expression of the 
polypeptide encoded by the gene can be substantially 
absent (i.e. essentially xmdetectable amounts are made) or 

30 may be deficient in activity such as where only a portion 
of the gene product is produced. In contrast, knock- in 
mice can be produced whereby a gene targeting vector 
containing the relevant angiogenic gene can integrate into 
a defined genetic locus in the mouse genome. For both 

35 applications, homologous recombination is catalysed by 
specific DNA repair enzymes that recognise homologous DNA 
sequences and exchange them via double crossover. 
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Gene targeting vectors are usually introduced into ES 
cells using electroporation. ES cell integrants are then 
isolated via an antibiotic resistance gene present on the 
targeting vector and are siibsequently genotyped to 
5 identify those ES cell clones in which the gene \mder 
investigation has integrated into the locus of interest. 
The appropriate ES cells are then transmitted through the 
germline to produce a novel mouse strain. 

In instanc es where gene ablation results in early 

10 embryonic lethality, conditional gene targeting may be 
employed. This allows genes to be deleted in a temporally 
and spatially controlled fashion. As above, appropriate ES 
cells are transmitted through the germline to produce a 
novel mouse strain, however the actual deletion of the 

15 gene is performed in the adult mouse in a tissue specific 
or time controlled manner. Conditional gene targeting is/i 
most commonly achieved by use of the cre/lox system. The^^ 
enzyme ere is able to recognise the 34 base pair loxPi 
sequence such that loxP flanked (or floxed) DNA is.;" 

20 recognised and excised by ere. Tissue specific cr^ ' 
expression in transgenic mice enables the generation of- 
tissue specific knock-out mice by mating gene targeted 
floxed mice with ere transgenic mice. Knock-out can be 
conducted in every tissue (Schwenk et al., 1995) using the 

25 deleter' mouse or using transgenic mice with an inducible 
ere gene (such as those with tetracycline inducible ere 
genes) , or knock-out can be tissue specific for example 
through the use of the CD19-cre mouse (Rickert et al., 
1997) . 

30 According to still another aspect of the invention 

there is provided the use of genetically modified non- 
hximan animals for the screening of candidate 
pharmaceutical compounds . 

It will be clearly understood that, although a number 

35 of prior art publications are referred to herein, this 
reference does not constitute an admission that suiy of 
these documents forms part of the common general ]mowledge 
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in the art, in Australia or in any other cotintry. 
Throughout this specification and the claims, the words 
^"comprise" , ^"comprises" and ^^comprising" are used in a 
non- exclusive sense, except where the context requires 
5 otherwise • 

Brief Description of the Drawings 

Figure 1. Example of the expression profile of 
selected differentially expressed clones during defined 

10 time points in the In vitro model of angiogenesis . Time 
points at the defined stages of 0.5 hours, 3 hours, 6 
hours and 24 hours of the in v±tro tube formation assay 
were plotted against the log ratio of cy5 (red) and cy3 
(green) dyes used for microarray hybridizations. A: 

15 example of a clone with peak expression at the 0.5 hour 
time point; B: example of a clone with peak expression atv 
the 3 hour time point; C: example of a clone with peak > 
expression at the 6 hour time point; and D: example of aV 
clone with peak expression at the 24 hour time point. v 

20 Figure 2. Expression profile of dif f erentially% 

expressed genes BN0782 and BN0481. Both genes show peak 
expression at the 6 hour time point of the in vitro tube 
formation assay. A: BN0782; B: BN0481. 

Figure 3. Analysis of the level of BN07 82 expression 

25 knock-down mediated by BN0782 siRNA2 and BN0481 expression 
knock-down mediated by BN0481 siRNAl, as measured by real- 
time RT-PCR. The three siRNA oligonucleotides targeted to 
each gene were able to reduce expression of the gene to 
varying degrees with BN0781 siRNA2 inhibiting BN0781 

3 0 expression by 24% (A) and BN0481 siRNAl inhibiting 
expression of BN0481 by 36% (B) . 

Figure 4. Reducing BN0782 or BN0481 mRNA expression 
inhibits HUVEC t\abe formation. HUVECs infected with BN0782 
siRNA2, BN0481 siRNAl, or a vector control were plated on 

35 Matrigel for 24hrs. Vector infected cells formed extensive 
networks of tube structures (A and C) . In contrast, cells 
infected with BN07 82 siRNA2 or BN0481 siRNAl exhibited 
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tube structure networks of significantly reduced 
complexity with a high nxnaber of incomplete tube 
extensions (B and D) • 

5 Modes for Performing the Invention 

Example 1: Jn vitro capillary tube formation 

The in vitro model of angiogenesis is essentially as 
described in Gamble et al (1993) . The assay was performed 
in collagen under the stimulation of phorbol myristate 

10 acetate (PMA) and the anti-integrin (aaPi) antibody, 
RMAlCXI. Human umbilical vein endothelial cells (HUVECs) 
were used in all experiments between passages 2 to 4. 

Cells were harvested from bulk cultures (t=0) , 
replated onto the collagen gels with stimulation and then 

15 harvested from the collagen gels at 0.5, 3.0, 6.0 and 24 
hours after commencement of the assay. These time points} 
were chosen since major morphological changes occur at/ 
these stages. Briefly, by 0.5 hours, cells have attachedr 
to the collagen matrix and have commenced migration into 

20 the gel. By 3.0 hours, small intracellular vesicles are' 
visible. By 6.0 hours, these vesicles are coalescing 
together to form membrane bound vacuoles and the cells in 
the form of short sprouts have invaded the gel. After this 
time, these vacuoles fuse with the plasma membrane, thus 

25 expanding the intercellular space to generate the lumen 
(Meyer et al., 1997). The formation of these larger 
vacuoles is an essential requirement of lumen formation 
(Gamble et al., 1999). By 24 hours, the overall 
anastomosing network of capillary tubes has formed and has 

3 0 commenced degeneration. 

Example 2: RNA isolation, cDNA synthesis and amplification 

Cells harvested at the specified time points were 
used for the isolation of total RNA using the Trizol 
35 reagent (Gibco BRL) according to manufacturers conditions. 
SMART (Switching mechanism at 5' end of RNA transcript) 
technology was used to convert small amounts of total RNA 
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into enough cDNA to enable cDNA siibtraction to be 
performed (see below) . This was achieved using the SMART- 
PCR cDNA synthesis kit (Clontech-user manual PT3041-1) 
according to manufacturers recommendations. The SiVLART-PCR 
5 cDNA synthesis protocol generated a majority of full 
length cDNAs which were subsequently PGR amplified for 
cDNA subtraction. 

Example 3: Suppression subtractive hybridization (SSH) 
10 SSH was performed on SMART amplified cDNA in order to 

enrich for cDNAs that were either up-regulated or down- 
regulated between the cDNA populations defined by the 
selected time-points. This technique also allowed 
"normalisation" of the regulated cDNAs^ thereby making low 
15 abimdance cDNAs (i.e. poorly expressed, but important, 
genes) more easily detectable. To do this, the PCR-Select 
cDNA synthesis kit (Clontech-user manual PT3 041-1) and 
PCR-Select cDNA subtraction kit (Clontech-user manual 
PT1117-1) were used based on manufacturers conditions;' 
2Q These procedures relied on subtractive hybridization and' 
suppression PCR amplification. SSH was performed between 
the following populations : 0 -0.5 hours ; 0.5 - 3.0 hours ; 
3.0 - 6.0 hours; 6.0 - 24 hours. 

25 Example 4 : Differential screening of cDNA clones 

Following SSH, the cDNA fragments were digested with 
EaffX and cloned into the compatible unique Not I site in 
pBluescript KS* using standard techniques (Sambrook et al., 
1989) . This generated forward and reverse subtracted 

30 libraries for each time period. Initially, the forward 
sxibtracted libraries were used in subsequent studies to 
identify those clones representing genes that were up- 
regulated in their expression during the In vitro model of 
angiogenesis. To do this, a microarray analysis procedure 

35 was adopted. 
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Microarray slide preparation 

A total of 10,000 clones from the 4 forward 
subtracted libraries (3,200 clones from 0-0.5 br; 3,000 
clones from 0.5-3 hr; 2,800 clones from 3-6 hr; 1,000 
5 clones from 6-24 hr) were chosen to construct microarray 
slides. Inserts from these clones were amplified using 
standard PGR techniques with flanking T3 and T7 
pBluescript KS* vector primers. DNA from each clone was 
spotted in duplicate onto a single microarray slide. 
10 Appropriate positive and negative controls were also 
incorporated onto the plate. 

Probe IgJpelling 

Human vunbilical vein .endothelial cells harvested at 

15 the specified time points (0, 0.5, 3, 6, and 24 hr) were 
used for the isolation of total RNA using the Trizol 
reagent (Gibco BRL) according to manufacturers conditions.- 
From each time point, 0.5 ug of total RNA was used as a' 
template for the amplification of antisense RNA (aRNA) 

20 using the Ambion MessageAmp™ aRNA Kit. Briefly, total RNA" 
was reversed transcribed with a T7 oligo(dT) primer in 
order to synthesize cDNA containing a T7 promoter sequence 
extending from the poly (A) tails of messages generated by 
reverse transcription. The cDNA was converted to a do\ible- 

25 stranded DNA template and used for in vitro transcription 
of aRNA, incorporating 5- (3 -aminoallyl) -UTP so as to allow 
coupling of fluorescent CyDyes. A typical amplification 
reaction would yield approximately 10 ug of mRNA (>400X 
amplification, assuming the initial total RNA contained 

3 0 <5% mRNA) . 

Microarray hybridization 

After coupling of CyDyes, the synthesized aRNA was 
used as a probe (3.0-3.5 ug) for hybridization to a 
35 microarray slide. The hybrizations performed were as 
follows : 
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1. 0 vs 0.5h (6 slides, 3 Dye swaps) 

2. 0 vs 3h (4 slides, 2 Dye swaps) 

3. 0 vs 6h (4 slides, 2 Dye swaps) 

4. 0 vs 24h (4 slides, 2 Dye swaps) 

5 

Multiple slides were hybridized for each time point 
in order to verify the result from any one hybridization. 
Slides were hybridized in chambers for 16 hours, washed, 
and then scanned using the GenePix 2000 scanner. Those 

10 clones that were shown to be highly up -regulated were 
chosen for further analysis • 

In s\unmary, SSH was used in combination with 
microarray analyses to identify genes that are up- 
regulated and zaay . be involved in biological processes 

15 underlying endothelial cell activation and blood vessel 
formation. This approach is novel in that it involves; 
nucleotide hybridization steps that aim to reduce geneA 
detection redundancy and enhance the chances of detecting" 
genes that are of low overall representation in the-: 

20 endothelial cell .transcriptome . The nucleotide-basedr^. 
sequential time-points aims to detect the timepoint at 
which the up- regulation of a particular gene takes place 
in a way that reduces redundancy of detection. For 
example, a gene that is up -regulated at 3hrs, and its 

25 expression remains up-regulated in subsequent time-points, 
will only be. detected in the 0.5-3hr subtraction step. In 
contrast, if subtractions were done with the Ohr timepoint 
for all subsequent timepoints then this example gene would 
be detected at all subtraction steps following the 3hrs 

30 timepoint sxabtraction. This would introduce redundancy 
that could result in masking the possible detection of 
other genes of lower representation in the endothelial 
cell mRNA expression pool. The sxibsequent use of 
microarray analysis is based on the comparison sxibtraction 

35 hybridization in the SSH step involving each timepoint 
with the Ohrs timepoint. This enables the expression 
profiling of each gene across all timepoints in relation 
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to Ohrs^ irrespective of the timepoint at which it is up- 
regulated. 

Example 5: Clone selection 
5 From analysis of the microarray hybridisations, a 

total of 1,963 clones were identified to be up-regulated 
in their expression at specified time points during the In 
vitro model of angiogenesis • Figure 1 provides an example 
of the expression profiles obsesrved during defined time 

10 points in the In vitro model for a selection of clones. 
Each of the 1,963 clones were sequenced and subsequent in 
silico database analysis was used to remove clones 
containing vector sequences only and clones for which poor 
sequence was obtained. Following this, redundancy screens 

15 were used to group clones according to individual genes 
that they represented. This left a total of 523 genes that 
were found to be up- regulated in their expression during 
the process of angiogenesis. 

Tables 1, 2 and 3 provide . information on the upT^ 

20 reg-ulated clones that were sequenced. Table 1 includes 
those clones which represent previously uncharacterised or 
novel genes, while Table 2 includes clones that correspond 
to previously identified genes which have not before been 
associated with angiogenesis. Also identified were a 

25 nxunber of genes that have previously been shown to be 
involved in the process of angiogenesis (Table 3) . The 
identification of these clones provides a validation or 
proof of principle of the effectiveness of the angiogenic 
gene identification strategy employed and suggests that 

30 the clones listed in Tables 1 suid 2 are additional 
angiogenic gene candidates . 

Example 6: Analysis of the angiogenic genes 

Further evidence for the involvement of the genes in 
35 Tables 1 and 2 in angiogenesis can be obtained through the 
functional analysis of each gene, for example by examining 
the eff ect that knock- down of their expression has on 
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endothelial cell (EC) function and capillary tube 
formation. 

A number of knock- dovTn technologies and assays may be 
used. For example full-length coding sequences of the 
5 genes can be cloned into suitable escpression vectors such 
as retroviruses or adenoviruses in both sense and anti- 
sense orientations and used for infection into ECs . 
Retrovirus infection gives long-term EC lines expressing 
the gene of interest whereas adenovirus infection gives 

10 transient gene expression. Infected cells can then be 
subjected to a number of EC assays including proliferation 
and capillary tube formation to confirm the role of each 
gene in angiogenesis . 

In this study RNA interference (RNAi) gene knock-dovm 

15 technology was used for the analysis of gene function (see 
detailed description below) . In this technique/ short 
gene- specif ic RNA oligonucleotides are delivered to- ECs in 
culture mediated by retroviral infection, f These 
oligonucleotides bind to the gene transcript under study 

20 and induce its degradation resulting in silencing or 
reduction of gene expression. The consequences of this 
alteration to gene expression can be subsequently studied 
using assays that examine the ability of ECs to 
proliferate, migrate and form capillaries in vitro. The 

25 RNAi procedure adopted in this study is described below in 
detail and documents the analysis of two of the identified 
up-regulated angiogenesis genes. One of these genes is 
BN0782 shown in Table 1, a novel gene whose expression 
peaks at the 6 hour time point of the in vitro 

3 0 angiogenesis model (Figure 2A) , while the other gene is 
BN0481 (KPNA4) as shown in Table 2, which is a previously 
identified gene that has not before been shown to have a 
role in angiogenesis. The expression of BN0481 also peaks 
at the 6 hour time point of the in vitro angiogenesis 

35 model (Figure 2B) . 
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RNAi oligonucleotide design 

Short interfering RNA (siRNA) oligonucleotides for 
RNAi -mediated knock-down of BN0782 and BN0481 were 
identified through application of in-house computer 
5 software. This software incorporates a series of 
parameters for selecting appropriate siRNA 

oligonucleotides. These parameters ensure that the siRNA 
sequence starts after an AA dinucleotide, the siRNA is in 
the open reading frame of the gene and 10 0 bp downstream 

10 the ATG start codon, the OC content of the siRNA is 
between 35% and 60%, and the siRNA does not have stretches 
of more than three T, A, C or G nucleotides. siRNA 
seq[uences that harbour low complexity regions were not 
used. In addition, BLAST analysis was used to select 

15 against probes that cross -hybridize with a number of genes 
(Blastn_ref seq at ^^expect SOO" and ^^word size 7'' and 
alignment scores accepted at 19>score>15 where: alignment 
sco-re = length_jaatch - (gap+mismatch) . siRNAs were 
synthesised in hair-pin format for cloning into retroviral* 

20 vectors. For each gene, three siRNA oligonucleotides werei 
selected with each one being examined individually for- 
their effects on gene -knock- down and EC function. 

Retroviral infection of HUVE cells 

25 Each siRNA oligonucleotide was cloned into a 

. retroviral vector for the delivery, of the oligonucleotide 
to human umbilical vein endothelial cells (HUVECs) . The 
siRNA vector was constructed through a modification of 
pMSCVpuro (BD Biosciences). Briefly, the 3"LTR of 

3 0 pMSCVpuro was inactivated by removal of the Xbal/Nhel 
fragment. A Hl-RNA Polymerase III promoter cassette was 
then inserted into the MCS of the vector. Annealed siRNA 
primers were ligated into tljie modified vector 
(pMSCVpuro (HI) ) digested with Bglll and Hindlll 

35 restriction enzymes. 

For virus production prior to infection of HUVECs, 
293T cells were plated at a density of 1 x 10^ cells per 
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well of a 6 well plate 18-24 hours before transf action in 
RPMI media (Invitrogen) supplemented with 10% PCS 
(Invitrogen) and 1.0 M Hepes (Invitrogen) without 
antibiotics. Cells were co- transf ec ted with 2 [xg 

5 retroviral DNA and 1 . 5 ^g pVPack- VSV-G (Stratagene) , 1.5 |ag 
pVPack-GP (Stratagene) using Lipof ectamine 2 000 reagent 
(Invitrogen) . Transfected cells were incubated overnight 
in 5% CO2 at 37^C. The following day, media containing the 
DNA/LF2000 complexes was removed and replaced with RPMI 

10 supplemented with 10% FCS, 1.0 M Hepes and 1% PSG 
(Invitrogen) . Virus containing supernatants were collected 
48-72 hours post transf ection and filtered using a 0.45 fxM 
filter. Virus was aliquoted and stored at -SO^'C. 

For the retroviral infection of HUVECs (Clonetics) , 

15 cells were plated 24 hours before infection in EGM-2 media 
(Clonetics) at a density of 1.3 x 10^ cells per well of a 6' 
* well plate. The following day, 500 juil of virus supematantH 
was combined with 500 ill of EGM-2 complete media.* 
Polybrene (Sigma) was added to a final concentration ofv 

20 8.0 i^g/ml. Media was aspirated from the cells and replaced: 
with the viral mix. Cells were inciibated with the viral^ 
mix in 5% CO2 at 37°C. After 3 hours incvibation, an 
additional 1.0 ml of EGM-2 media was added and cells were 
incubated for a further 24 hours. After this time HUVE 

25 cells were split 1:2 and replated into a 6 well plate. 
Cells yjere incubated for 24 hours following splitting to 
allow them to recover and adhere. To select for infected 
cells, medium was replaced with EGM-2 complete mediiam 
containing puromycin (Sigma) at a 0.4 ^ig/ml final 

30 concentration. Cells were incubated xrntil uninfected cells 
treated with puromycin had died and infected resistant 
cells had grown to confluence. Media containing puromycin 
was replaced every 48 hours to replenish puromycin and 
remove cell debris. Once resistant cells were grown to 

35 confluence (approximately 4-5 days after starting 
selection), cells were washed in PBS, trypsinised and 
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their properties analysed using the Matrigel capillary 
tube formation assay. 

Capillary tube formation assay 
5 96 well tissue culture plates were coated with 50 |il 

of cold Matrigel (BD Biosciences) at 4°C in a two layer 
process. Matrigel was allowed to polymerize at 37°C for a 
minimum of 3 0 minutes before being used. Trypsinised cells 
were collected in 500 \xl of EGM-2 media then centrifuged at 

10 400 rcf for 3 minutes to pellet cells. This allows for the 
removal of trypsin that may interfere with the assay. Cell 
pellets were resuspended in 500 |il EGM-2 media then coimted 
using a heamocytometer . Cells were diluted to 2.5 x 10^ 
cells/ml in EGM-2 media.. lOOfil of the diluted cell 

15 suspension was added to duplicate Matrigel coated wells. 
The final cell density was 25,000 cells/well. Plates were^ 
incubated for 22 hours in a humidified incubator at 37'^Ci 
with 5% CO2. Images were obtained using an Olympus BX-51- 
microscope with a 4x objective and Optronics MagnaFire'i 

2 0 software. Remaining cells were pelleted at 400 rcf for 3.; 

minutes, then media was removed and pellets stored at -80°G 
for extraction of RNA for real-time RT-PCR analysis (see 
below) . For all assays performed^ a vector control was 
included. This consisted of HUVECs \indergoing the 
25 infection and selection process with virus made for the 
vector containing no siRNA insert. This allows for 
comparison of capillary tube formation ability between a 
control (vector) and the individual siRNA under analysis. 

3 0 Real-time RT-PCR analysis 

To determine the level of gene knock-down (mediated 
by the siRNAs) occurring in the HUVECs, real-time RT-PCR 
was employed. This involved isolation of RNA from infected 
cells using the RMeasy Mini or Midi kits (Qiagen) as per 
35 manufacturer's instructions (including the on-column DNase 
treatment) . Total RNA was visualised on a 1.2% TBE agarose 
gel containing ethidiiam bromide to check for quality and 
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purity. Total RNA concentration was determined by A260 on a 
spectrophotometer . 

For the synthesis of cDNA, total RNA (at least lug 
and preferably at a concentration >1.0 ug/ul) was reverse 
5 transcribed using M-MLV (Promega) as per manufacturer's 
directions • Briefly^ the RNA sample to be analysed was 
made up to 13 ul with water and 1.0 ul of oligo-dT primer 
{500ng/ul) was added. After incxibating at 70°C for 5 
minutes, the tubes were placed on ice for 5 minutes and 11 

10 ul of a pre-made master mix containing 5.0 ul M-MLV RT 5x 
Reaction Buffer, 1.25 ul 10 mM dNTP mix, 1.0 ul of M-MLV 
RT (H" point mutant) enzyme, and 3.75 ul water was added. 
This mix was incubated at 40°C for one hour, and the 
reaction terminated by incubating at 70°C for 15 minutes. 

15 Real-Time PCRs were run on the RotorGene™ 2000 system 

(Corbett Research) . Reactions used AmpliTaq Gold enzyicie 
(Applied Biosystems) and followed the manuf actureifs 
instructions. Real-Time PGR reactions were typicallV 
performed in a volume of 25 ul and consisted of IX 

20 AmpliTaq Gold Buffer, 200 nM dNTP mix, 2.0 mM MgCl2 (maty 
vary for primer combination .used), 0.3 uM of each primer, 
IX SYBR Green mix (Cambrex Bioscience Rockland Inc) , 1.2 
ul of AmpliTaq Gold Enzyme, and 10 ul of a 1 in 5 dilution 
of the cDNA template. 

25 Cycling conditions were typically performed at 94°C 

for 12 minutes, followed by 35 cycles of 94°C for 15 
seconds, SO^'C for 15 seconds, and 72**C for 20 seconds. The 
annealing temperature of the primers may vary depending on 
the properties of the primers used. 

3 0 The PGR cycling was followed by the generation of a 

melt curve using the RotorGene™ 2000 software where the 
amount of euinealed product was determined by holding at 
each degree between 5CC and 99°C and measuring the 
absorbance. All products were rxin on a 1.2% agarose gel 

35 containing ethidium bromide to check specificity in 
addition to observing the melt curve. 

The level of knock-down of a particular gene was then 
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measured by a comparison of its expression level in HUVECs 
infected with the relevant siRNA under investigation as 
opposed to HUVECs infected with the retroviral vector 
alone • 

5 

In vitro regulation of HUVEC function - BN0782 and BN0481 

The siRNA oligonucleotides designed to knock-down 
BN0782 and BN0481 expression are represented by SEQ ID 
Numbers: 45-47 and SEQ ID Numbers: 48-50 respectively. 

10 Real-time RT-PCR analysis of HUVECs retrovirally infected 
with these siRNAs revealed that each siRNA was able to 
knock-down the expression of BN0782 or BN0481 to varying 
degrees. The level of BN0782 expression knock-down 
mediated by BN0782 siRNA2 (SEQ ID NO: 46) was 24% (Figure 

15 3A) , while expression of BN0481 was reduced by 36% (Figure 
SB) using BN0481 siRNAl (SEQ ID NO: 48). Both of these 
siRNAs were subsequently used separately in Matrigel 1 
assays to examine the effects that this level of knock- ^ 
down for each gene had on the ability of HUVECs to*: 

20 participate in capillary tube formation. As can be seen in • 
Figure 4, reducing BN0782 or BN0481 mRNA levels inhibits 
HUVEC tube formation. Vector infected cells formed 
extensive networks of tube structures (Figure 4A and 4C) 
while cells infected with BN0782 siRNA2 or BN0481 siRNAl. 

25 exhibited tube structure networks of significantly reduced 
complexity with a high ntomber of incomplete txibe 
extensions (Figure 4B and 4D) . This result confirms a role 
for both BN0782 and BN0481 in the process of angiogenesis . 

30 Protein interaction studies 

The ability of any one of the angiogenic proteins of 
the invention, including BN0782 and BN0481, to bind known 
and \inknown proteins can be examined. Procedures such as 
the yeast two-hybrid system are used to discover and 

35 identify any functional partners. The principle behind the 
yeast two-hybrid procedure is that many eukaryotic 
transcriptional activators, including those in yeast. 
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consist of two discrete modular domains. The first is a 
DNA-binding domain that binds to a specific promoter 
sequence and the second is an activation doiaain that 
directs the RNA polymerase II complex to transcribe the 
5 gene downstream of the DNA binding site. Both domains are 
required for transcriptional activation as neither domain 
can activate transcription on its own. In the yeast two- 
hybrid procedure, the gene of interest or parts thereof 
(BAIT) / is cloned in such a way that it is expressed as a 

10 fusion to a peptide that has a DNA binding domain. A 
second gene, or number of genes, such as those from a cDNA 
library (TARGET) , is cloned so that it is expressed as a 
fusion to an activation domain. Interaction of the protein 
of interest with its binding partner brings the DNA- 

15 binding peptide together with the activation domain and 
initiates transcription of the reporter genes. The first., 
reporter gene will select for yeast cells that contain^ 
interacting proteins (this reporter is usually a 
. nutritional gene required for growth on selective media) - { 

20 The second reporter is used for confirmation and whiles 
being expressed in response to interacting proteins it is. 
usually not required for growth. 

The nature of the interacting genes and proteins can 
also be studied such that these partners can also be 

25 targets for drug discovery. 

Structural studies 

Recombinant angiogenic proteins of the invention can 
be produced in bacterial, yeast, insect and/or mammalian 
30 cells and used in crystallographical and NMR studies. 
Together with molecular modeling of the protein, 
structure -driven drug design can be facilitated. 
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